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The purpose of this study was twofold: first, to determine 
the effects of general body fatigue as induced by a submaximal, 
bench step work bout on performance in selected gross motor skills; 
secondly, to determine the effects of a five-minute recovery period 
after induced fatigue on subsequent performance in selected gross 
motor skills.
One hundred college men were assigned to five experimental 
groups. The twenty subjects in each group were tested in one of 
the following gross motor skills for performance: basketball free 
throw, basketball jump shot, vertical jump, total body response 
accuracy, and twenty yard sprint. After orientation and weight 
measurement a warm-up exercise was given. A pre-fatigue skill 
test (Test A) was administered and the subject was given a sub- 
maximal work bout consisting of bench stepping at the rate of 
thirty-three steps per minute. A post-fatigue skill test (Test B) 
was immediately given. This was followed by a five-minute recovery 
period. A post-recovery skill test (Test C) was then administered.
The findings were these:
1. General body fatigue, as induced by a submaximal bench 
step work bout, had no detrimental effect on performance 
in the motor skills involving basketball free throw 
shooting or basketball jump shooting.
2. General body fatigue, as induced by a submaximal bench
xiii
step work bout, caused a significant decrease in per­
formance in the vertical jump, in total body response 
accuracy, and in repeated twenty-yard sprint skills.
3. A five-minute recovery period resulted in significant 
improvement in the vertical jump and in the short sprint 
over the performance in these motor skills measured 
immediately after fatigue. However, the post-recovery 
performance remained below the pre-fatigue level.
4. Regression patterns for the vertical jump and twenty- 
yard sprint were similar.
5. Performance in the total body response accuracy 
test was found to be significantly better after the 
five-minute recovery period than when tested before 
fatigue.
The following conclusions were made:
1. General body fatigue significantly impairs performance 
in motor skills that demand strength, endurance, and 
rapidity of response involving total body movement.
2. General body fatigue does not appreciably affect motor 
performance involving accuracy, as in basketball 3hooting, 
in which the object thrown is of light weight and is pro­
pelled primarily with the wrists and arms.
3. Five minutes of rest is not sufficient to fully recover 
from fatigue effects in tasks involving repeated jumping 




Fatigue and death are similar 
but the former i3 reversible.
The human organism with its multiplicity of phenomena has 
been the object of investigation and research since early times.
The ever increasing pool of knowledge acquired as a result of 
these investigations has yielded at times conflicting evidence re­
garding the human body. There has been, however, unanimity in the 
recognition that the human organism is a masterpiece in design and 
in function.
A basic and unique contribution of physical education is the 
education of the human body in terms of motor performance. The 
efficiency of the human body in regard to performance is affected 
by many factors. Drury^ stated that an individuals ability to per­
form is based upon the physiological condition of the person, his — 
mechanical skill and his desire to perform well.
One of the more important aspects of the physiological 
condition of a person is his ability to resist fatigue and to sustain
"Hfhe Athletic Institute, Health and Fitness in the Modern 
World (Chicago: The Athletic Institute, 1961), p. 360.
2Francis A. Drury, "The Improvement of Physical Performance"
(Unpublished paper, Louisiana State University, Baton Rouge, 
Louisiana, 1965), p. 1.
work over a period of time.
Mathews et. al.^ stated that fatigue was probably the most 
loosely used word in exercise physiology* Cratty^ summarized the 
nebulous nature of the use of the term "fatigue” when he stated 
that "the phenomenon of fatigue is a little understood parameter of 
human performance. Pew deny its existence yet- at the same time most 
researchers are unable to agree upon a single definition.”
Bartley and Chute'* found such divergence of opinion in the 
use of the word "fatigue” as to warrant a forty page chapter contain­
ing various definitions and interpretations. The authors felt that 
the multiplicity of meanings is evidence of the magnitude of uncertainty 
concerning the definition of fatigue. Consolozio^ defined fatigue
as "the deterioration of function vital to performance." Morehouse 
7and Miller viewed fatigue as "diminished capacity for response that
^Donald K. Mathews, Ralph W. Stacy, and George N. Hoover, 
Physiology of Muscular Activity and Exercise (New York: The Ronald 
Press Company, 1964), p. 165*
^Bryant J. Cratty, Movement Behavior and Motor Learning 
 (Philadelphia: Lea and Febiger, 1964), p. 154.
5Howard S0 Bartley and Eloise Chute, Fatigue and Impairment 
in Man (New York: McGraw Hill Book Company, Inc., 1947), pp. 5-46.
^Frank Consolozio, Robert E. Johnson and Louis J. Pecora, 
Physiological Measurements of Metabolic Functions in Man (New York: 
McGraw Hill Book Company, Inc., 1963), p. 342.
7Laurence E. Morehouse and Augustus T. Miller, Physiology of 
Exercise (Saint Louis: C. V. Mosby Company, 1963), p. 21.
gresults from previous activity.'1 Karpovich stated that fatigue is 
"a decrease in work capacity caused by work itself." Bartley^ made 
a distinction in his definition of the phenomenon fatigue. He used 
the term "impairment" to refer to physiological tissue conditions 
involving the accumulation of the waste products of activity. He 
referred to fatigue as a subjective sensation or a condition in 
which a person feels he is inadequate for the situation. In accord 
with his interpretation fatigue may occur without impairment, and 
impairment may occur without fatigue.
Fatigue has been classified in many different ways based upon 
the apparent nature of its existence and the observable effects 
derived from it. Morehouse and Miller^ listed the types of fatigue 
as follows: (l) general, (2) muscular, (3) visual, (4) auditory,
(5) mental, and (6) cardiac. Karpovich^ described fatigue as being 
physical and mental but 3tated that it is almost impossible to separate 
these two types of fatigue. He further defined fatigue as being local 
and general. McCloy^ classified fatigue as local muscular, circulo-
d Peter V. Karpovich, Physiology of Muscular Activity 
(Philadelphia: W. B. Sanders Company, 196$), p. 199.
^Howard S. Bartley, "Some Things to Remember About Fatigue," 
Journal of Snorts Medicine and Physical Fitness. IV (September, 1964), 
123-157.
10Morehouse and Miller, o£. cit.. pp. 244-250.
■^Karpovich, loc. cit.
12C. H. McCloy, "Endurance," The Physical Educator. V (March,
1948), 9.
respiratory, and general fatigue. Houssay^ made a division into 
transmission fatigue involving the excitation of the muscle fiber 
by the nerve, and contraction fatigue involving the contractile 
element of the muscle fiber. Irrespective of how it is classified 
it is generally accepted that there are transitional degrees of 
fatigue. Karpovich1^ described the stages of fatigue as light, 
medium, severe and exhaustion.
It is generally accepted that the physiological causes of 
muscular fatigue are the following: (l) a depletion or exhaustion 
of the fuel supply, (2) a depletion of the oxygen supply, and (3) an 
accumulation of metabolic products such as lactic acid.
Fatigue as an integral aspect of the physiological condition 
of an individual, is closely related to endurance. It may be said 
that endurance is the capacity to sustain work over a period of time. 
Karpovich‘S  clarified the relationship between these two factors as 
he expressed the fact that "fatigue determines the limits of endurance 
and therefore all things which delay the onset of fatigue will 
necessarily increase the endurance." Apparently endurance depends 
upon the degree to which the body can resist the basic causes of 
fatigue.
^Bernardo A. Houssay, Human Physiology (New Tork: McGraw- 
Hill Book Company, Inc., 1955), p. 603.
•^Peter V. Karpovich, "Fatigue and Endurance,11 Research 
Quarterly. XIII (May, 1941), 416.
15Ibid.. p. 419.
It is evident that the factor of fatigue is of great signifi­
cance not only as a basic aspect of the physiological condition of the 
individual but also in terms of the effects it has on human performance. 
Various sports activities such as track, basketball, football, and 
soccer have been identified by many authorities as requiring great 
stamina, strength, power and quickness on the part of participants.
It has been assumed by many that the demands made by these sports 
activities on the basic skill components result in a fatigued 
condition for the participants. Thi3 basic assumption has in part 
given rise to a variety of training programs and coaching methods.
Many of these programs and methods are established without scientific 
basis.
Since the early fatigue studies in the mid-nineteenth century, 
much has been learned about the phenomenon of fatigue. Nevertheless, 
research covering certain aspects of fatigue has been either incon­
sistent or conspiciously absent. A large number of the studies in 
the area of fatigue have been concerned with the effects of local 
fatigue on certain physiological functions of the body. A few 
studies have been reported as to the effects of general body fatigue 
on selected variables. There seems to be an indication that general 
body fatigue has a detrimental effect on performance in activities 
demanding hand steadiness. It also slows performance in forward 
movement involving toted body response accuracy. It seems to have 
little effect on kinesthetic positioning and accuracy of lower
extremity movement*
No studies have been reported as to the effects of general
body fatigue and recovery on performance in selected gross motor 
T A3kills. Ware emphasized the need for research in this area when 
she made specific recommendations that a study be conducted to 
determine the relationship of fatigue to specific skills in sports 
activities. She further recommended that a 3tudy be conducted to 
determine whether fatigue affects factors of general motor ability 
3uch as, accuracy, agility, coordination, and speed.
In the field of physical education and athletics, fatigue is 
a major point of concern. In the process of sustaining and 
improving performance to a maximum degree of proficiency, a 
complete knowledge of fatigue and its effects on such performance 
is of primary importance.
I. STATEMENT OF THE PROBLEM
To what extent does general body fatigue induced by total 
body movement at a rapid cadence affect performance in selected 
gross motor skills?
How effective is a short rest period, similar to resting on 
the bench in a game situation, in overcoming effects of induced 
fatigue in selected gross motor skills?
l^Lanetta T. Ware, "A Study of the Effect of Fatigue on Balance, 
Kinesthetic Positioning and Steadiness" (unpublished Master*s thesis, 
Smith College, Northampton, Massachusetts, 1962), p. 53.
II. PURPOSE OF THE STUDY
7
The purpose of this study was twofold: first, to determine 
the effect of general body fatigue as induced by a submaxiraal, bench 
step work bout on performance in selected gross motor skills, and 
secondly, to determine the effect of a five-minute recovery period 
after induced fatigue on subsequent performance in selected gross 
motor skills.
III. DELIMITATIONS OF THE STUDY
This study was limited to 100 male college students enrolled 
at East Carolina College, Greenville, North Carolina. The data 
were collected during the Spring Quarter, 1967. Eaeh experimental 
group was limited to 20 subjects. Only five selected gross motor skill 
tests were used in this study.
17. DEFINITION OF TERMS
-General body fatigue. For the purpose of this study general 
body fatigue was defined as a physiological and psychological 
condition resulting in a diminished efficiency of performance of the 
body in general and a disinclination towards work.
Recovery. For the purpose of this study recovery was limited 
to five-minutes rest and was the degree to which the subject could 
return to a condition prior to exercise.
8
Performance. For the purpose of this study performance was 
defined as “a one-attempt phenomenon influenced by such short-term 
variables as motivation, fatigue, and nutritive state.
Gross motor skill. For the purpose of this study gross 
motor skill was defined as a reasonably complex motor performance
resulting from an integration of body movements involving large
i ismuscle groups.
Target scoring method. For the purpose of this study, 
target scoring was a method of scoring basketball shooting accuracy 
on a point basis, allowing three points for a basket made without 
touching the rim or backboard, two points for a basket made although 
it touched the rim or the backboard, one point for a missed basket 
that did not touch the rim.
17Bryant J. Cratty, Movement Behavior and Motor Learning 
(Philadelphia: Lea and Febiger, 1964), p. 216.
18Ibid.. pp. 23 and 44.
CHAPTER II
REVIEW OP THE LITERATURE
The literature reviewed was divided into two categories.
These categories included (l) studies related to the effects of 
general body fatigue; and (2) studies related to recovery from 
fatigue.
Studies Related to the Effects of General Body Fatigue
Nunney^ studied the effects of fatigue on the ability to 
learn a psycho-motor skill. He used eighty college men divided into 
five physical activity groups. The activity groups were bicycle 
ergameter pedalling with no load at a 10 MFH rate, bicycle ergometer 
pedalling with a seven-pound load at a 10 MPH rate, treadmill running 
at zero gradient at a 6 MPH rate, treadmill running at a twenty-five 
percent gradient at a 6 MPH rate, and a control group with no 
activity. After a five-minute activity period the subjects performed 
on the Snoddy Stabilimeter, engaged in a ten-minute recovery period, 
and then performed on a rotary pursuit meter. After testing, the 
experimental groups differed significantly from the control group 
but were not significantly different from each other. Nunney 
concluded that physical activity requiring a greater energy expendi-
■4)erek Normand Nunney, "Physical Activity, Fatigue and Motor 
Learning" (unpublished Doctoral dissertation, University of California, 
Los Angeles, 1961), pp. 127-130.
9
1°
ture than fire minutes of bicycle pedalling with no load will have an
effect on the ability to learn a psycho-motor skill.
2Hoheriberger used rats to study the effects of fatigue on 
motor performance. After training six rats to perform a motor skill 
involving rolling a marble into a basket, they were made to swim to 
exhaustion. They then attempted to perform the learned motor skill.
He concluded that fatigue to exhaustion had a detrimental effect on 
subsequent motor performance.
Toumans^ used participation in strenuous athletic competition 
as his means of fatigue. He checked the effects this participation 
had on visual factors and found that it had an adverse effect on 
visual acuity, peripheral vision, and stereopsis.
Dohrmann^ studied the effects of strenuous exercise of the 
lower extremities on strength in the hands and forearms. He tested 
ninety subjects in grip strength and foreaim flexion strength. After 
being fatigued on a bicycle ergometer, they were retested immediately.
^Donald M. Hoheriberger, "A Study of Motor Skills in Rats:
(1) Effects on Spacing Practice; (2) Effects of Fatigue" (unpublished 
Master's thesis, The University of Toledo, Toledo, 1962), p. iv.
3Edwin LaMonte Youmans, "The Effects of Physical Fatigue Upon 
Vision" (unpublished Master's thesis, State University of Iowa, Iowa 
City, 1951), pp. 13-14.
LPaul F. Dohrmann, "The Effect of Strenuous Exercise of the 
Lower Extremities Upon Strength of the Hands and Forearm" (unpublished 
Master's thesis, State University of Iowa, Iowa City, 1956), p. 15.
11
The subjects had a significant gain at the .01 level of confidence in 
left grip and both forearm flexion strengths. He concluded these 
significant increases in strength were the results of the strenuous 
leg activity.
Larson^ found that fatigue as induced by 300 deep knee bends 
revealed a tendency to improve in accuracy in lower extremity 
movement but it was not statistically significant.
Reading^ studied the effects of fatigue on the speed of the 
offensive charge in football from four different stances. Twenty- 
eight subjects were divided into four experimental groups. The 
speed of the charge was recorded before and after fatigue which 
was induced by use of the Harvard Step Test. He concluded that the 
Harvard Step Test did produce a significant degree of fatigue in 
three of the four experimental groups. He found that fatigue slowed 
performance in the offensive football charge.
7Mitchell' also studied the effects of fatigue on speed of
^Carl W. Larson, "The Effect of Fatigue on the Accuracy of 
Movement of the Lower Extremities in Slow and Fast Movements*1 
(unpublished Master1s thesis, State University of Iowa, Iowa City, 
1933), PP. 15-16,
^Lynn James Reading, "The Effect of Fatigue, As Induced by 
the Harvard Step Test, on the Speed of the Offensive Charge in 
Football" (Microcarded Master*s thesis, Washington State University, 
Pullman, 1961), p. 33.
7Preston E. Mitchell, "The Effect of Strenuous Exercise on 
Speed of Movement" (unpublished Masterfs thesis, State University of 
Iowa, Iowa City, 1951), p. 12.
12
movement. He found that speed of movement was slower after bouts of
C>strenous exercise. Elbel° found that response time of the finger was 
not significantly changed after a work bout consisting of stool 
stepping and push-ups.
Slocum^ investigated the effects of fatigue on certain tests 
in kinesthesis. She gave sixty-seven college women a battery of 
kinesthetic te3ts, then fatigued the subjects by using a modified 
Carlson Fatigue Test, and retested them. It was concluded that the 
type of fatigue induced had no significant effect on kinesthesis.
Ware-*-0 studied the effects of fatigue on kinesthetic position­
ing. She gave fifty-four freshmen and sophomore college women the 
Young Test for kinesthetic positioning. The subjects were then 
fatigued by being required to complete fifteen squat thrusts in a 
one-minute work bout. The Young Test was repeated. She concluded 
that fatigue had no effect on kinesthetic positioning. A second
^E.R. Elbel, "A Study on Response Time Before and After 
Strenuous Exercise," Research Quarterly. XI (Hay, 1940), 94*
9Helen Hargaret Slocum, "The Effect of Fatigue Induced by 
Physical Activity on Certain Tests in Kinesthesis" (Hicrocarded 
Doctoral dissertation, State University of Iowa, Iowa City, 1953), 
pp. 18-19, and 40.
^Lanetta T. Ware, "A Study of the Effect of Fatigue on 
Balance, Kinesthetic Positioning and Steadiness." (unpublished 
Master’s thesis, Snith College, Northampton, Massachusetts, 1962), 
pp. 50-53.
13
11part of her study concerned the effects of fatigue on steadiness.
She used the C. H. Stoelting Apparatus as a measure of hand steadiness. 
Using a test, fatigue, retest method on fifty-four college women, she 
concluded from the results that mi Id fatigue would be detrimental to 
performance of sports activities in which hand steadiness was 
important.
Colville^ found that an increase in the amount of exercise 
caused an increase in the hand tremor rate. Slater-Hammel^ found 
that the number of tremor responses varied with the amount of exercise 
in the work bout.
Seashorê *- and Travis^ in separate studies concluded that 
fatiguing exercise causes an increase in postural sway.
Culhane-^ studied the effect of leg fatigue on static and
11Ibid.. pp. 48-53.
^Francis Colville, "Effect of Duration of Exercise on Neuro­
muscular Hand Tremor," Research Quarterly. XXXI (March, I960), 8-11.
1 3 Arthur T. Slater-Hammel, "Influence of Order of Exercise Bouts 
Upon Neuromuscular Tremor," Research Quarterly. XXVI (March, 1955), 92.
^%arold Seashore and G. Kock, "Postural Steadiness Under Con­
ditions of Unusual Tension and Fatigue." Psychological Records. II 
(1938), 320-321.
^^Roland Travis, "An Experimental Analysis of Dynamic and Static 
Equilibrum, Journal of Eyp<»Hniftwt»i Psychology. XXXV (June, 1945), 223.
•^Mary Joan Culhane, "The Effect of Leg Fatigue Upon Balance" 
(unpublished Master*s thesis, State University of Iowa, Iowa City,
1956), pp. 7-14.
14
dynamic balance. She administered the Bass Stick Te3t and a Dynamic 
Balance Test to sixty-five college women. After a two-minute work 
bout on a bicycle ergcmeter the tests were repeated. She concluded 
that the induced fatigue had no significant effect upon balance.
Ware1? found that fatigue had a beneficial warm-up effect 
on balance. Post-fatigue scores were significantly higher than pre­
fatigue scores.
Studies Related to Recovery From Fatigue
Mitchell1® established that a rest period following repeated 
bouts of strenuous exercise would result in an increase in speed of 
movement over initial test.
Nunney1? stated that a ten-minute recovery period was 
sufficient to alleviate a loss of motor learning ability caused 
by induced fatigue.
Clarke^® found that recovery was much faster for fatigue 
induced by static exercise than fatigue brought about by dynamic 
exercise.
^Ware, o£. cit.. p. 53.
18Mitchell, loc. cit.
^Derek Normond Nunney, "Physical Activity, Fatigue and Motor 
Learning" (unpublished Doctoral dissertation, University of 
California, Los Angeles, 1961), p. 130.
20David H. Clarke, "Strength Recovery From Static and Dynamic 
Muscular Fatigue,11 Research Quarterly, XXXIII (October, 1962), 355.
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Clarke2-*- found recovery to be faster in a moving position 
than in a supine position.
Harrison22 compared the effectiveness of recovery using four 
techniques. The techniques used ware slew movement, lying in a 
supine position with and without arms and legs elevated, and sitting 
watching sound movies. He found none of the techniques to be 
superior to the others.
Joseph2^ tried three modifications in respiration to 
facilitate recovery. He used (l) natural breathing, (2) breathing 
with emphasis on expiration, and (3) breathing with emphasis on 
inspiration. Breathing with emphasis on inspiration resulted in 
the fastest rate of recovery.
Houssay2 -̂ found that adrenalin accelerates recovery after 
fatigue. It also increased the twitch tension of the nonfatigued 
muscles.
piH. Harrison Clarke and David H. Clarke, Developmental 
and Adapted Physical Education (Englewood Cliffs: Prentice- 
Hall, Inc., 1963), p. 114.
2^Aix B. Harrison, "Effects of Selected Techniques on 
Recovery From Fatigue and Impairment in Athletes," Research 
£fria.rterlv XXXI (May, I960), 137.
^Mathew P. Joseph, "The effect of Modifications in 
Respiration on Speed of Recovery from Fatigue," Research Quarterly 
VI (May, 1935), 60-61.
^Bernardo A. Houssay, Human Physiology (New York: McGraw- 
Hill Company, Inc., 1955), p. 1092.
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Summary of Related Studies
Seventeen studies related to the effects of general body 
fatigue were reviewed.
Four of these studies were concerned with the effects of 
general body fatigue on balance. Two studies found fatigue to 
have a detrimental effect on balance. One study found fatigue to 
have no effect on balance, and one study found fatigue to have a 
beneficial warm-up effect on balance.
Three studies concerning the effect of fatigue on steadiness 
were reviewed. All three found fatigue to be detrimental to steadi­
ness.
Three studies were reviewed concerning response time and speed 
of movement in relation to fatigue. Two studies found fatigue to 
have a slowing effect on response time and speed of movement. One 
study found no change in response time after fatigue.
The two studies reviewed concerning kinesthetic positioning 
and fatigue found induced fatigue to have no significant effect on 
kinesthetic positioning.
Five other studies were reviewed. From these studies it was 
concluded:
1. Fatigue decreases the ability to learn a psycho-motor skill.
2. Exhaustive fatigue is detrimental to motor performance in 
rats.
3. Fatigue affects visual acuity, peripheral vision and 
stereopsis*
4. Fatigue has no effect on accuracy of lower extremity 
movement.
5. Leg fatigue facilitated performance in certain tests of 
strength of the hand and forearm.
Seven recovery studies were reviewed. Two studies confirmed 
that a recovery period had a beneficial effect on motor learning 
and certain performance. From the other five studies it was 
generally concluded that:
1. Recovery from static fatigue is faster than recovery 
frcm dynamic fatigue.
2. A moving position during recovery may be more 
beneficial than a supine position. One study found it 
superior, while another found no significant difference.
3. Breathing with emphasis on inspiration accelerates 
recovery.
4. Adrenalin accelerates recovery.
CHAPTER III
DESCRIPTION OF PROCEDURE
This study was conducted at East Carolina College, Greenville, 
North Carolina. The data were collected (Soring the Spring Quarter, 
1967.
I. SELECTION AND GROUPING OF SUBJECTS
The subjects for this study were drawn from physical education 
activity classes at East Carolina College. A total of 100 male college 
students were selected on a voluntary basis from both the majors1 and 
required programs. Primarily, freshmen and sophomore students were 
used in this study. No attempt was made to equalize the number of 
students used in each classification. Five experimental groups of 
twenty subjects each were used in this study.
The criterion for selection of subjects used in the selected 
gross motor skill tests involving basketball shooting accuracy was 
previous experience as a high school varsity basketball player.
This criterion wa3 used in an attempt to increase the reliability of 
the skill test. College basketball players were excluded from this 
study. No criterion was used in the selection of subjects for the 
remaining gross motor skill tests.
II. RESEARCH ASSISTANTS
The nature and design of this study made it feasible to use
18
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research assistants in the collection of data.
Selection of Research Assistants
Three graduate students, who were graduate assistants in the 
Department of Health and Physical Education at East Carolina College, 
were used as research assistants for this study.
These graduate students volunteered and were selected on the 
basis of their academic, professional and research competence and on 
the basis of their interest in this study as a scientific endeavor.
Training of Research Assistants
The research assistants were trained in the following manner:
1. Copies of the Introduction and Procedure Chapters of the 
proposal for this investigation were issued to the research 
assistants for their study. It was felt that an overall 
view of the study in addition to the specific procedures
to be used would increase their effectiveness as 
assistants.
2. Demonstration and practice sessions were held in which 
each research assistant observed and practiced the 
administration of the tests used in this study.
III. INDUCEMENT OP GENERAL BODY FATIGUE
In the design of this study it was necessary to select a 
submaxipial work bout and a method for inducing fatigue that would
20
produce a significant degree of general body fatigue and at the same 
time be practical in terms of length and administration.
Length of Snhmaximal Work Bout
In a review of other studies in reference to the length of the 
submaximal work bout it was found that the length was determined by 
either a time limit, a load limit, or a performance limit. A 
synopsis of the various lengths of work bouts used in previous 
studies is found on page 21. The length of the submaximal work 
bout in this study was determined by a performance limit in which 
the subject continued exercising until he was unable to maintain 
the given pace.
Method for Inducing Fatigue
Various methods have been used to induce fatigue during 
an experimental work bout. Fatigue has been induced by four 
basic means:
1. Running and hopping actions
2. Participation in sports activity
3. Controlled exercise
4. Use of ergcmstric instruments
The problem of instrumentation in fatigue studies has been 
approached by several different means. The more common instruments 
used are the treadmill, bicycle ergcmeter, and the stool or bench.
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A synopsis of the various methods used to produce general 
body fatigue is found below:


































•̂Mary Joan Culhane, "The Effect of Leg Fatigue Upon Balance* 
(unpublished Master’s thesis, State University of Iowa, Iowa City,
1956), pp. 7-6.
2Paul F. Dohrmann, "The Effect of Strenuous Exercise of the 
Lower Extremities Upon Strength of the Hand3 and Forearm" (Micro­
carded Master’s thesis, State University of Iowa, Iowa City, 1956), p. 15.
3Derek Normond Nunney, "Physical Activity, Fatigue and Motor 
Learning" (unpublished Doctoral dissertation, University of California, 
Los Angeles, 1961), p. 127.
^Robert James Scannell, "Selected Factors Concerned With the 
Maintance of Endurance" (Microcarded Master’s thesis, Pennsylvania 
State University, University Park, 1959), pp. 16-20,
5Thomas E. Slaymaker, "The Effect of Liquid Consumption During 
a Brief Rest Period on a Second Bout of Exhaustive Exercise" (Micro­
carded Master's thesis, Pennsylvania State University, University 
Park, 1959), p. 32.
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Investigator Fatigue Inducer Length of 
Work Bout
Load
Reading0 Harvard Step Performance 30 steps
Test behind pace 
for 15 sec.
minute
Elbel7 Stool stepping 
Push-ups
Slocum^ Modified Carlson 
Fatigue Test
10 seconds 10 bouts
Seashore^ Running in 30 seconds 90 steps
Koch place
Colville10 Squat thrusts 3-6-10
Ware11 Squat thrusts 60 seconds 15
^Iynn James Reading, "The Effect of Fatigue, As Induced by 
the Harvard Step Test, On the Speed of the Offensive Charge in 
Footballn (Microcarded Master's thesis, Washington State University, 
Pullman, 1961), p. 24.
7E. R. Elbel, "A Study on Response Time Before and After 
Strenuous Exercise," Research Quarterly, XI (May, 1940), 94.
gHelen Margaret Slocum, "The Effect of Fatigue Induced by 
Physical Activity on Certain Tests in Kinesthesis" (Microcarded 
Doctoral dissertation, State University of Iowa, Iowa City, 1953)> P» 18.
9Harold Seashore and G. Koch, "Postural Steadiness Under 
Conditions of Unusual Tension and Fatigue," Psychological Records. II 
(1938), 319-332.
10Francis Colville, "Effect of Duration of Exercise on Neuro­
muscular Hand Tremor," Research Quarterly. XXXI (March, I960), 8-9.
■^Lanetta T. Ware, "A Study of the Effect of Fatigue on 
Balance, Kinesthetic Positioning and Steadiness" (unpublished 
Master's thesis, Smith College, Northampton, Massachusetts, 1962), 
pp. 50-51.
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Selection. The following criteria were used in the selection 
of a method for fatigue inducement:
1. The method should have a precise means of controlling the 
amount of work performed.
2. The method should be capable of producing a significant 
degree of general body fatigue in a relatively short 
period of time.
3. The method should engage the use of the large muscle groups 
of the body.
^Carl W. Larson "The Effect of Fatigue on the Accuracy of 
Movement of the Lower Extremities in Slow and Fast Movements** 
(unpublished Master's thesis, State University of Iowa, Iowa City, 
1933), PP. 15-16.
-^Arthur T. Slater-Hammel, “Influence of Order of Exercise 
Bouts Upon Neuromuscular Tremor,” Research Quarterly. XXVI (March, 
1955), 90-91.
^Roland Travis, "An Experimental Analysis of Dynamic and 
Static Equilibrum," Journal of Experimental Psychology. XXXV (June, 
1945), 216-234.
^Edwin La Monte Youmans, “The Effect of Physical Fatigue Upon 
Vision" (unpublished Master's thesis, State University of Iowa, Iowa 
City, 1951), pp. 13-14.
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Based upon the stated criteria, the bench step was selected 
for use in this study as the method for fatigue inducement.
Description of Equipment
A twenty-inch bench of wood construction was used for fatigue 
inducement in this study. It was of sufficient width and length to 
easily acccmmodate each subject. A tape recorder with a taped 
cadence was used to standardize the rate of stepping. The taped 
cadence was a verbalization of "up - two - three - four, up - two - 
three - four, ...•" Elapsed time for the fatiguing exercise was 
recorded on a stop watch.
Testing Procedure
On the first count the subject stepped on the bench with 
either foot. On the second count the opposite foot was lifted and 
placed on the bench. At this time the subject *s legs and back were 
straight. On count three he stepped down with the initial foot 
followed by the other on count four. This procedure was continued 
at a rate of thirty-three steps per minute until the subject was 
unable to maintain this prescribed rate. The subject was instructed 
to change his lead foot after about a minute. The subject was not 
stopped when he got off pace unless he continued off pace and it 
was indicated that he was unable to return to the set pace. This 
indication was characterized by an inability to straighten the legs 
and back, and a continuing slowing rate behind the cadence.
The subject was instructed as to the description of the test.
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He was then allowed to practice the stepping action a few times until 
he had learned the technique. The tape was started and the subject 
first mentally followed the cadence then physically started the 
stepping action.
IV. RECOVERY PERIOD
For the purpose of this study the recovery period was limited 
to five minutes. The selection of this time was based on the 
following criteria:
1. The time limit should be of sufficient length to allow
a significant degree of recovery. This time period
was supported by research. After a review of the 
16literature, Dial stated that the results were 
conclusive in indicating that initial recovery takes 
place within two to three minutes following activity.
2. The time limit should be of sufficient length in terms 
of practical application. It was felt that the length 
should be of a feasible duration that could be used in 
various sports situations.
During the recovery period the subject assumed a seated position 
on a bench. From a review of the literature of recovery studies, it
Betty A. Dial, "The Effects of Arm Fatigue on Kinesthetic 
Performance" (Microcarded Master’s thesis, State University of Iowa, 
Iowa City, 1955)> p. 6.
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17was found that several body positions have been used. Clarke and
19Harrison used a slow movement technique. Nunney ' used a seated
20position. Harrison also used a seated position but had his
pisubjects watch sound movies. Harrison^ used two supine positions
22with and without arms and legs elevated. Clarke used a supine 
position.
The criterion used in the selection of a body position during 
the recovery period was that of practical application. In physical 
education and athletics the most common position during a rest or 
recovery period is the seated position on a bench.
V. GROSS MOTOR SKILL TESTS
Selection Criteria
An attempt was made to select gross motor skills that would 
be representative of seme of the basic movements involved in performance 
in a variety of sports activities. Some of the skills selected were 
common to several sports activities, while others were specific to 
only one sport activity.
Harrison Clarke and David H. Clarke Developmental and 
Adapted Physical Education (Englewood Cliffs: Prent ice-Hall, Inc.,
1963), p. 114.
1®Aix B. Harrison, ^Effects of Selected Techniques on Recovery 
From Fatigue and Impairment in Athletes," Research Quarterly. XXXI 
(May, I960), 137.
■^Nunney, op. cit.. p. 85 ^Harrison, loc. cit.
^Ibid. ^Clarke, loc. cit.
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Clarke^ listed a number of neuromuscular coordination factors 
that he considered essential to performance in physical activities. 
Among the factors listed were:
1. Nerve - eye - muscle coordination involving such actions 
a3 throwing at a goal.
2. Agility factor involving a rapid movement of the entire 
body in different directions in response to different 
stimuli.
3. Speed covering a relatively short distance.
Steitz^ stated that the vertical jump was significantly
related to success in soccer, cross country running and track.
He further stated that a short sprint was significantly related to 
success in football and soccer.
Description and Administration
Each of the selected gross motor skill tests was administered 
at three different times during the testing session. These tests 
were designated as pre-fatigue, post-fatigue and post-recovery tests. 
A sample score sheet that was used to record the results of
23H. Harrison Clarke Application of Measurement to Health 
and Physical Education (Englewood Cliffs: Prent ice-Hall, Inc., 
1967), P. 291.
24Edward S. Steitz, “The Relationship of Reaction Time, 
Speed, Sargent Jump, Physical Fitness and Other Variables To 
Success in Specific Sports” (unpublished Doctoral dissertation, 
Springfield College, Springfield, 1963), p. 205.
28
each of the aki.ll testa is presented in Appendix A. The coefficient 
of reliability for each of the gross motor skill tests was determined 
by the test - retest method in a pilot study conducted prior to the 
implementation of this study.
Basketball free throw. Each subject assumed a position behind 
the free throw line. The recorder took a position along one side of 
the free throw lane. He gave the signal for each shot and recorded 
the score.
Each subject was allowed four warm-up shots on the pre-fatigue 
test. After each regular shot the subject took one step back off the 
free throw line and returned for his next attempt. This was done in 
an attempt to simulate a game situation. This procedure was repeated 
until the subject had attempted ten free throws spaced ten seconds 
apart. The ten seconds spacing was required to give standardisation 
to the test. It also was necessary in order to treat the data
statistically using a regression test for trend.
25A target type scoring method was used to determine the 
relative effectiveness of each shot. This method of scoring was 
used in an attempt to increase the reliability of the test. The
25Larry L. Kendrick, "An Experimental Study to Determine 
the Relative Effect of Practice From Selected Areas on Basketball 
Shooting Proficiency" (unpublished Master's thesis, Louisiana 
State University, Baton Rouge, 1966), p. 32.
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target scoring in this study was as follows:
3 points Made basket, clean shot
2 points Made basket, hit rim or backboard
1 point Missed basket, hit rim
0 point Missed basket, missed rim
Hertz^ used a similar type of target scoring and found the 
reliability of the test using the target scoring to be .788 as 
compared to a reliability of .676 for the same test using actual 
baskets made. Halverson^? used a similar target scoring method 
that had a reliability coefficient of .913 i .007 for a test of 
seventy-four shots and a coefficient of .90 + .019 for a teBt of 
forty-four shots. Kendrick^® used this identical target scoring 
method in a test consisting of eighty shots. The expanded 
coefficient of reliability was found to be .82. The validity of 
the test, using the target scoring method, was determined by 
correlating the target scores with the actual baskets made. The 
validity coefficient was found to be .90.
The mean score of the ten attempts was used as the measure 
for comparison in this study.
^Gilman w. Hertz, ’’The Effect of Three Methods of Instruction 
in One Hand Foul Shooting? (Microcarded Doctoral dissertation,
Indiana University, Bloomington, 1956), p. 44.
^Lolas E. Halverson "A Comparison of Three Methods of 
Teaching Motor Skills” (Microcarded MasterTs thesis, University 
of Wisconsin, Madison, 1949), p. 61.
28Kendrick, op. cit.. p. 31.
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Basketball .lump shot. Each subject assumed a position directly 
behind the free throw line directly in front of the basket. The re­
corder took a position along one side of the free throw lane. He 
gave the signal for each shot and recorded the score.
Each subject was allowed four warm-up shots on the pre-fatigue 
test. The subject took one dribble to his right behind the free throw 
line and executed a jump shot. After the ball was returned to the 
subject he assumed his original starting position. He then took one 
dribble to his left behind the free throw line and performed a jump 
shot. The above procedure was repeated until the subject had attempted 
five jump shots to his right and five jump shots to his left spaced 
ten seconds apart.
The target scoring method used for the basketball free throw 
test was used for the basketball jump shot test. The mean score of 
the ten attempts wa3 used as the measure for comparison in this 
study.
Vertical .lump. The "chalk jump" method was used to measure 
the vertical jumping ability of each subject. The test consisted of 
ten separate but consecutive measures of vertical jumping ability 
spaced ten seconds apart. Each subject was tested in the following 
manner:
1. Procedure: The subject stood erect with his side next
to the wall. He reached upward as far as possible using 
the arm nearest the wall. He made a mark on a calibrated
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chalk board with his chalked finger tips which was recorded 
as his standing reach. He did not at anytime bend his fin­
gers In touching the board. He then jumped upward attempt­
ing to touch as high as possible on the chalk board with 
his chalked finger tips. Each subject was allowed two 
practice jumps on the pre-fatigue test.
2. Technique: The subject assumed a crouched position bending 
at the knees. His arms were thrust downward and backward. 
He then jumped to the greatest possible height touching the 
chalkboard with his chalked finger tips. He was not 
allowed to take a double jump.
3. Scoring: The distance between the two marks to the nearest 
one-half inch was recorded for each of the ten jumps. The 
mean score in Inches for the ten jumps was used as the 
measure for comparison in this study.
Total body response accuracy. The Dekan Automatic Performance 
29Analyzer was used as the measuring instrument in this test. The 
clock is calibrated in 1/lOOths of a second.
A two foot square was marked on the floor with tape. Two 
switch mats were wired and plugged into the nSTOP ON HAKE CONTACT11 
jack of the Performance Analyzer. These switch mats were located on 
opposite sides of the two-foot square and at a distance eight feet 
from the center of the start area to their inside edge (see Figure 1, 
page 32).
29Dekan Timing Devices, Glen Ellyn, Illinois
—
A = Dekan Human Performance Analyzer 
B = Contact Mat 
C = Starting Area
FIGURE 1
DIAGRAM OF TOTAL BODY RESPONSE 
ACCURACY GROSS MOTOR SKILL TEST
The subject assumed a crouched or ’♦ready" position within the 
square in anticipation of a complex choice stimulus. After the 
subject assumed his position the tester gave the preliminary signal 
"READY". The delay between the preliminary signal, and the stimulus 
was between one and two seconds. A visual hand stimulus for direction 
was given simultaneously with the pressing of the remote start switch. 
The subject reacted to the visual hand stimulus by running as quickly 
as possible to the switch mat that was in the direction indicated.
Three practice trials were allowed for each subject on the 
pre-fatigue test. Five trials to the left and five trials to the 
right, spaced ten seconds apart were made in an order that was 












The trial order was reversed for each test administration.
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The order was also reversed for alternate subjects. These changes 
were made in order to minimize the learning factor.
If the subject reacted in the opposite direction and proceeded 
to the wrong switch mat thus stopping the timer, the trial was voided 
and repeated at the end of the predetermined random order. If the 
subject reacted in the opposite direction and corrected his move 
before touching the wrong mat his trial counted and his time 
stopped when he engaged the correct mat. The testor did not give 
any indication of misdirection until a mat was touched thus completing 
the trial. Each response time was converted to a velocity 3core.
The mean velocity score for the ten trials was used as the measure 
for comparison in this study.
Twenty-yard sprint. The Dekan Automatic Performance Analyzer 
was used as the measuring instrument in this test also. A line control 
accessory was plugged into the "SPECIAL START" jack of the Analyzer.
A cord was stretched across the start line. A line control accessory 
was plugged into the "SPECIAL STOP" jack of the Analyzer with a cord 
extended twenty-yards and placed between two standards. The subject 
assumed a crouched position behind the start line. At his discretion 
he began the sprint. The analyzer engaged as he hit the start cord 
and disengaged as he hit the cord held between the standards.
Three regular trials were allowed spaced thirty-seven seconds 
apart. The elapsed running times were converted to velocity scores.
The mean velocity score for the three trials was used as the measure
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for comparison in this study.
VI. TESTING PROCEDURE
Each subject, upon arrival at the designated testing area 




4. Pre-fatigue gross motor skill test
5. Submaximal work bout
6. Post-fatigue gross motor skill test
7. Five minute recovery period
8. Post-recovery gross motor skill, test
VII. PILOT STUDY
Prior to the implementation of this study a pilot study was 
conducted.
Purpose of the Study
The purpose of the pilot study was to determine the reliability 
of each of the gross.motor skill tests.
Subjects
Twenty subjects were used for each of the gross motor skill tests. 
Some of the subjects were used in more than one test.
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Procedure
The procedure for administration of the tests described 
previously in this chapter were followed. The reliability was 
determined by the test-retest method.
Results
It was arbitrarily decided that the test should have a 
reliability coefficient of at least .75 in order to be included.
It was felt that satisfactory reliability was established for each 
of the skill tests. The computed reliability coefficients are as
follows:
Test Reliability
Basketball free throw .79
Basketball jump shot .80
Vertical jump .97
Total body response accuracy .86
Twenty-yard sprint .84
VIII. STATISTICAL DESIGN
The data for this study consisted of pre-fatigue, post-fatigue, 
and post-recovery scores on the five gross motor skill tests.
To determine the effects of general body fatigue and a five- 
minute rest period on performance in selected gross motor skills 
a three-part analysis of variance was used. A three-part analysis 
of variance was necessary because the same subjects were observed
under each of the treatments. This design provides a control on 
differences between subjects. When a significant F ratio was 
obtained regression using orthogonal comparisons was determined to 
analyze the effects of fatigue on the variables.
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
The main statistical tool employed to analyze the results 
of this study was a three-part analysis of variance. Regression 
polynomials were used in the orthogonal comparisons to determine 
the characteristic trends in performance resulting from the treat­
ments. In order to examine all of the effects of the treatments, 
graphical analysis was done for each of the trials as well as for 
the overall performance. The data collected in this study are re­
corded in the appendix.
I. ANALYSIS OF DATA FOR THE 
BASKETBALL FREE THROW PERFORMANCE
Analysis of Variance for Scores on the Three Tests of Basketball 
Free Throw Shooting
A three-part analysis of variance was the statistical 
treatment used to determine the significance of the differences 
between the pre-fatigue, post-fatigue, and post-recovery gross 
motor skill tests. The results of this analysis are summarized 




THREE-PART ANALYSIS OF VARIANCE FOR COMPARISON OF PERFORMANCE OF 20 
COLLEGE MEN UNDER THE CONDITIONS OF PRE-FATIGUE, POST-FATIGUE,









Treatments .11 2 .0555 .8 N.S.
Rows 2.12 19
Residual 2.63 38 .069
Total 4.86 59
F needed for significance at the .05 level of confidence, 3.25;
for the .01 level, 5.21.
Mean Scores: Test A (pre-fatigue) = 1.74; Test B (post­
fatigue) = 1.85; Test C (post-recovery) = 1.81.
The F-ratio for the mean differences between the pre-fatigue,
post-fatigue, and post-recovery tests did not meet the test of
significance at the .05 level of confidence. There was no overall
difference among the three means.
Regression Analysis to Determine the Characteristic Trends As A 
Result of Treatments
The mean target scores of the pre-fatigue, post-fatigue, 
and post-recovery skill tests were plotted in graphic form as 











MEAN TARGET SCORES OF PRE-FATIGUE, POST-FATIGUE, AND 
POST-RECOVERT BASKETBALL FREE THROW SKILL TESTS
u
It can be noted from Figure 2 that there was an improvement 
in shooting proficiency following a submaximal fatigue bout. Recovery 
scores slightly declined but remained above the pre-fatigue level.
Orthogonal comparisons for determining regression were computed 
to ascertain whether there was a significant trend in the test per­
formance under the three conditions. It perhaps should be pointed 
out that significant comparisons may be found in instances inhere 
the overall F test was not significant. Frequently nearly all of the 
treatment sum of squares belongs to a single comparison. The reader 
is referred to Snedecor** for a discussion of the distinction between 
designed and undesigned comparisons. The coefficients of regression 
polynomials and te3t means are given below:
Test A B C
Trend Mean 1.74 1.85 1.71
Linear -1 0 +1
Quadratic +1 -2 +1
The results of this analysis are summarized in Table II, 
page J+2.
The F-ratios for linear and quadratic trends failed to meet 
the test of significance at the .05 level of confidence. These results 
indicate that there were no significant trends in the performance on 
the three tests as a result of treatment.
■kjeorge W. Snedecor Statistical Methods Applied to Experiment, a 
In Agriculture and Biology (‘Ames. Iowa: The Iowa State University
i * e ^ T l 9 5 ^ p 7 3 5 £
TABLE II
REGRESSION ANALYSIS OF TOTAL TARGET SCORES OF 
PRE-FATIGUE, POST-FATIGUE, AND POST-RECOVERY 









Linear .049 1 .049 .71 N.S.
Quadratic .065 1 .065 .94 N.S.
Residual 2.63 38 .069
Total 4.86 59
F needed for significance at the .05 level of confidence, 4*10; 
for the .01 level, 7.35*
Graphic Analysis of Scores by Trials for the Pre-Fatigue. Post- 
Fatigue. and Post-Recovery Teats of Basketball Free Threw Shooting 
The mean target scores of the pre-fatigue, post-fatigue, 
and post-recovery tests in basketball free throw shooting were 
plotted in graphic form by trials as shown in Figure 3, page 43.
It can be noted that the pattern of the ten trials was 
erratic in each of the three tests. However, there was some 
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' FIGURE. 3
MEAN TARGET SCORES OF BASKETBALL FREE THROW SKILL 






II. ANALYSIS OF DATA FOR THE BASKETBALL JUMP SHOT PERFORMANCE
Analysis of Variance for Scores on the Three Teats of Basketball 
Jump Shooting
A three-part analysis of variance was used to determine 
the significance of the differences between tests. The results 
of this analysis are summarized in Table III,
TABLE III
THREE-PART ANALYSIS OF VARIANCE FOR COMPARISON OF PERFORMANCE 
OF 20 COLLEGES MEN UNDER THE CONDITIONS OF PRE-FATIGUE, POST­









Treatment .03 2 .015 .37 N.S.
Rows 1.76 19
Residual 1.58 38 .0 u
Total 3.37 59
F needed for significance at the.05 level of confidence, 3.25; 
for the .01 level, 5.21. Mean Scores: Test A (pre-fatigue) = 
1.67; Test B (post-fatigue) = 1.61; Test C (post-recovery) = 
1.63.
The F-ratio for the mean differences between the pre-fatigue, 
post-fatigue and post-recovery tests did not meet the test of 
significance at the .05 level of confidence. There was no overall
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difference among the three mean3.
Regression Analysis to Determine the Characteristic Trends As a 
Result of Treatments
The mean target scores of the pre-fatigue, post-fatigue, 
and post-recovery skill tests were plotted in graphic form as 
shown in Figure 4> page 46. It can be noted from Figure 4 that 
there was a decrease in shooting proficiency following the 
fatigue exercise bout although the overall F-test was not significant. 
Recovery scores were slightly below the pre-fatigue level.
Orthogonal comparisons for regression were computed, the re­
sults of which are presented in Table IV.
TABLE IV
REGRESSION ANALYSIS OF TOTAL TARGET SCORES OF PRE-FATIGUE, 
POST-FATIGUE, AND POST RECOVERY-BASKETBALL 









Linear .016 1 .016 .39 N.S.
Quadratic .016 1 .016 .39 N.S.
Residual 1.58 38 .041
Total 3.37 59
F needed for significance at the .05 level of confidence, 4.10; 
for the .01 level, 7.35.
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The F-ratios for linear and quadratic trends were not 
significant indicating no regression of treatment and performance 
on the basketball jump shot.
Graphic Analysis of Scores by Trials for the Pre-Fatigue. Post- 
Fatigue. and Post-Recovery Tests of Bas^f.hal 1 Jump Shootinp
The mean target scores for each trial of the pre-fatigue, 
post-fatigue, and post-recovery jump shot tests were plotted in 
graphic form as shown in Figure 5, page 48. As in the free throw 
tests there wa3 no discernable pattern of performance for any of 
the tests in the jump shot.
III. ANALYSIS OF DATA FOR THE VERTICAL JUMP PERFORMANCE
Analysis of Variance for Scores on the Three Tests of Var+.i nal 
Jumping
A three-part analysis of variance was the statistical treat­
ment used to determine the significance of the differences between 
the pre-fatigue, post-fatigue, and post-recovery vertical jump 
tests. The results of this analysis are summarized in Table V., 
page 49.
The F-ratio for the mean differences between the pre-fatigue, 
post-fatigue, and post-recovery test was 25.49* This was significant 
at the .01 level of probability and this indicated that there was 
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THREE-PART ANALYSIS OF VARIANCE FOR COMPARISON OF PERFORMANCE 
OF 20 COLLEGE MEN UNDER THE CONDITIONS OF PRE-FATIGUE, POST­









Treatment 26.00 2 13.00 25.49 .01
Rows 352.42 19
Residual 19.39 38 .51
Total 397.81 59
F needed for significance at the .05 level of confidence, 3.25; 
for the .01 level, 5.21.
Mean Scores: Test A (pre-fatigue) = 20.16; Test B (post-fatigue) = 
18.58; Test C (post-recovery) = 19.66.
Regression Analysis to Determine the Characteristic Trends As a 
Result of Treatments
The mean vertical jump scores of the pre-fatigue, post­
fatigue, and post-recovery skill tests were plotted in graphic 
form as shown in Figure 6, page 50. It can be noted that there 
was a sharp decrease in vertical jimp ability following the induced 
fatigue. The recovery scores were higher than the post-fatigue 
scores but remained below the pre-fatigue level. The results of 
the comparisons for linearity and deviations from linearity are 
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TABLE VI
REGRESSION ANALYSIS OF TOTAL VERTICAL JUMP SCORES OF FRE-FATIGUE, 









Linear 2.60 1 2.60 5.1 .05
Quadratic 23.40 1 23.40 45.88 .01
Residual 19.39 38 .51
Total 397.81 59
F needed for significance at the .05 level of confidence, 4*10; 
for the .01 level, 7.35*
The F-test for the treatment variance due to linearity was 
significant at the .05 level of probability. The linear trend is 
illustrated in Figure 6 in that the post-recovery score is shown 
to be significantly lower than the pre-fatigue test. Table VI 
also shows that the F-test for the quadratic comparison, which 
determined whether or not there was a significant deviation from 
linearity, was significant beyond the .01 level of probability. 
Therefore, this indicated that the pronounced drop in performance 
in the vertical jump scores after induced fatigue was significantly 
poorer than performance prior to fatigue and after recovery*
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Graphic Anal vbt g of Scores by Trials for the Pre-Fatigue. Post- 
Fatigue. and Post-Recovery Teats of Vertical Jumping
The mean vertical jump scores of the pre-fatigue, post-fatigue, 
and post-recovery vertical jump tests were plotted in graphic form 
by trials as shewn in Figure 7, page 53. As noted in Figure 7 the 
results of each trial followed a relatively consistent pattern.
The post-fatigue scores were consistently lower than pre-fatigue or 
post-recovery scores. The first trials of the po3t-fatigue test 
were very low in comparison to subsequent trials. It should be 
noted that the trials of the post-recovery tests followed a down­
ward trend showing the latent effect of fatigue.
IV. ANALYSIS OF DATA FOR THE TOTAL BODY 
RESPONSE ACCURACY PERFORMANCE
Analysis of Variance for Scores On the Three Tests of Total Body 
Response Accuracy
A three-part analysis of variance was used to determine the 
significance of the differences between the pre-fatigue, post-fatigue, 
and post-recovery total body response accuracy tests. The results 
of this analysis are summarized in Table VII, page 5k*
The F-ratio for the mean differences between the pre-fatigue, 
post-fatigue, and post-recovery test was 12.67. This was signifleant 
at the .01 level of confidence. This indicates that there was 
significant variation among the three tests.
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TABLE VII
THREE-PART ANALYSIS OF VARIANCE FOR COMPARISON OF PERFORMANCE OF 20 
COLLEGE MEN UNDER THE CONDITIONS OF PRE-FATIGUE, POST-FATIGUE,









Treatment .71 2 .355 12.67 .01
Rows 10.72 19
Residual 1.08 38 .028
Total 12.51 59
F needed for significance at the .05 level of confidence, 3.25;
for the .01 level, 5.21.
Mean Scores: Test A (pre-fatigue) = 7.09; Test B (post-fatigue) = 
6.96; Test C (post-recovery) = 7*24.
Regression Analysis to Determine the Characteristic Trends As a 
Result of Treatments
The mean total body response accuracy velocity scores of 
the pre-fatigue, post-fatigue, and post-recovery skill tests were 
plotted in graphic form as shown in Figure 8, page 55. It can be 
noted from Figure 8 that there was a decrease in total body response 
accuracy velocity scores following the induced fatigue. Recovery 
scores were sharply increased to a level above the pre-fatigue scores. 
The results of the comparisons for linearity and deviations from 
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TABLE VIII
REGRESSION ANALYSIS OF TOTAL BODY RESPONSE ACCURACY VELOCITY 









Linear .202 1 .202 7.21 .05
Quadratic .514 1 .514 18.35 .01
Residual 1.08 38 .028
Total 12.51 59
F needed for significance at the .05 level of confidence; 4*10; 
for the .01 level, 7.35.
The F-test for the treatment variance due to linearity was 
significant at the .05 level of probability. The linear trend is 
illustrated in Figure 8 in that the post-recovery score is shown 
to be significantly higher than the pre-fatigue score. This linear 
trend was in the opposite direction from that of the vertical jump 
trend in that the best scores for the total body response accuracy 
were on the post-recovery test.
Table VIII shows that the F-test for the quadratic comparison 
which determined whether or not there was a significant deviation 
from linearity, was significant beyond the .01 level of probability. 
This indicated that the drop in performance in the total body response 
accuracy scores after induced fatigue was significantly lower than 
performance prior to fatigue and after recovery.
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Graphic Analysis of Scores by Trials for The Pre-Fatigue. Post- 
Fatigue. and Post-Recovery Tests of Total Body Response Accuracy
The mean total body response accuracy velocity scores of the 
pre-fatigue, post-fatigue, and post-recovery tests were plotted in 
graphic form by trials as shewn in Figure 9, page 58* There was no 
discernable pattern of performance for any of the tests although 
post-recovery scores were consistently higher than the pre-fatigue 
or post-fatigue scores* This was probably due to the fact that 
total body response accuracy was not a skill familar to the subjects. 
Therefore, seme degree of learning occured due to the novelty of the 
skill. It should be pointed out that this learning factor did not 
occur in the other gross motor skills which were more familiar to 
the subjects.
V. ANALYSIS OF DATA FOR THE TWENTY-YARD 
SPRINT PERFORMANCE
Analysis of Variance for Scores On the Three Tests of the Twenty-Yard 
Sprint
A three-part analysis of variance was the statistical treat­
ment used to determine the significance of the differences between 
the pre-fatigue, post-fatigue, and post-recovery twenty-yard sprint 
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THREE-PART ANALYSIS OF VARIANCE FOR COMPARISON OF PERFORMANCE
OF 20 COLLEGE MEN UNDER THE CONDITIONS OF PRE-FATIGUE, POST­









Treatments .79 2 .395 30.38 .01
Rows 3.37 19
Residual .51 38 .013
Total 4.68 59
F needed for significance at the .05 level of confidence, 3.25;
for the .01 level, 5*21,
Mean Scores: Test A (pre-fatigue) = 6.55; Test B (post-fatigue) =* 
6.27; Test C (post-recovery) = 6.45.
The F-ratio for the mean differences between the pre-fatigue, 
post-fatigue, and post-recovery test was 30.38. This was significant 
at the .01 level of confidence. This indicates that there was 
significant variation among the three tests.
Regression Analysis to Determine the Characteristic Trends As a 
Result of Treatments
The mean twenty-yard sprint velocity scores of the pre-fatigue, 
post-fatigue, and post-recovery skill tests were plotted in graphic 
form as shown in Figure 10, page 60. It can be noted frcm Figure 10 
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the induced fatigue. Recovery scores were higher than the post-fatigue 
scores but remained below the pre-fatigue level. The results of the 
comparisons for linearity and deviations from linearity are shown in 
Table X.
TABLE X
REGRESSION ANALYSIS OF TOTAL TWENTY-YARD SPRINT VELOCITY 










Linear .11 1 .11 8.46 .01
Quadratic .689 1 .689 53.00 .01
Residual .51 38 .013
Total 4.68 59
F needed for significance at the .05 level of confidence, 4.10; 
for the .01 level, 7.35.
The F-test for the treatment variance due to linearity was 
significant at the .01 level of probability. The linear trend is 
indicated in Figure 10 in that the post-recovery 3core is shown to 
be significantly lower than the pre-fatigue score.
Table X also shows that the F-test for the quadratic 
comparison which determined whether or not there was a significant 
deviation from linearity, was significant beyond the .01 level of
probability* Therefore, this indicated that the pronouned drop in 
performance in the twenty-yard sprint velocity scores after induced 
fatigue was significantly poorer than performance prior to fatigue 
and after recovery.
Graphic Analysis of Scores by Trials for the Pre-Fatigue. Post- 
Fatigue. and Post-Recovery Twenty-Yard Sprint Tests
The mean twenty-yard sprint velocity scores of the pre­
fatigue, post-fatigue, and post-recovery tests were plotted in 
graphic form by trials as shown in Figure 11, page 63. The 
results of each trial followed a relatively consistent pattern.
The pre-fatigue scores were higher than the post-fatigue or post- 
recovery scores. The post-fatigue scores were lower than either 
of the other two test scores. The first trial of the pre-fatigue 
and post-recovery tests were the best while the second trial was 

















MEAN TWENTY-YARD SPRINT VELOCITY SCORES BY TRIALS 
FOR PRE-FATIGUE, POST-FATIGUE, AND POST­
RECOVERY SKILL TESTS
CHAPTER V
SUMMARY CONCLUSIONS AND RECOMMENDATIONS
I. SUMMARY
The purpose of this study was to determine the effect of general 
body fatigue, as induced by a submaximal bench step work bout, on per­
formance in selected gross motor skills. A second purpose of this 
study was to determine the effects of a five-minute recovery period, 
after induced fatigue, on subsequent performance in selected gross 
motor skills.
One hundred subjects in physical education activity classes 
at East Carolina College were selected on a voluntary basis and 
placed into five experimental groups of twenty each. Each group was 
treated independently in that no comparisons were made between experi­
mental groups. Each group was tested on a single motor skill as 
follows: group I on basketball free throw shooting; group II on 
basketball jump shooting; group III on vertical jumping; group IV 
on total body response accuracy; and group V on the twenty*yard 
sprint.
Each gross motor skill test was administered three times to 
the subjects in the aforementioned groups. These administrations 
were designated as Test A (pre-fatigue), Test B (post-fatigue), and 
Test C (post-recovery).
The statistical design used to analyze the results of this
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study was a three-part analysis of variance. Regression effects of 
fatigue and recovery on motor performance were tested for significance 
through use of orthogonal comparisons.
The findings were:
1. General body fatigue, as induced by a submaximal bench 
step work bout, had no detrimental effect on performance 
in the motor skills involving basketball free throw 
shooting or basketball jimp shooting.
2. General body fatigue, as induced by a submaximal bench 
step work bout, caused a significant decrease in per­
formance in the vertical jump, in total body response 
accuracy, and in repeated twenty-yard sprint skills.
3. A five minute recovery period resulted in significant 
improvement in the vertical jump and in the short sprint 
over the performance in these motor skills measured 
immediately after fatigue. However, the post-recovery 
performance remained below the pre-fatigue level.
4* Regression patterns for the vertical jump and the twenty- 
yard sprint were similar.
5. Performance in the total body response accuracy test 
was found to be significantly better after the five- 
minute recovery period than when tested before fatigue.
II. CONCLUSIONS
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Within the limitations of this study, the following conclusions
can be made:
1. General body fatigue significantly impairs performance 
in motor skills that demand strength, endurance, and 
rapidity of response involving total body movement.
2. General body fatigue does not appreciably affect motor 
performance involving accuracy, as in basketball shooting 
in which the object thrown is of light weight and is 
propelled primarily with the wrists and arms.
3. Five minutes of rest is not sufficient to fully recover 
from fatigue effects in tasks involving repeated jumping 
and repeated short sprints.
III. RECOMMENDATIONS
It is suggested that the following studies be conducted:
1. A study to determine the relationship of certain psycho­
logical indices to the effects of general body fatigue
and recovery on performance in selected gross motor skills.
2. A study to determine the effects of general body fatigue 
and recovery on additional gross motor skills.
3. Repeat this study using varying amounts of recovery 
time and various treatments in recovery,
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PRE-FATIGUE, POST-FATIGUE, AND POST-RECOVERY MEAN SCORES OF
BASKETBALL FREE THROW MOTOR SKILL TESTS
SUBJECT PRE-FATIGUE POST-FATIGUE POST-RECOVERY
1 1.70 1.60 1.60
2 1.90 1.40 2.00
3 1.60 2.20 2.20
4 2.30 2.00 2.30
5 1.60 1.50 1.30
6 1.30 1.60 1.60
7 1.50 2.10 1.808 2.20 1.50 1.60
9 1.30 1.60 1.80
10 1.70 1.80 1.70
11 1.80 2.20 1.80
12 1.40 1.90 1.70
13 1.90 1.50 1.70
14 1.30 1.80 1.90
15 2.20 2.00 1.80
16 1.80 2.10 1.60
17 1.90 2.20 1.9018 1.80 1.40 2.10
19 2.00 2.00 2.1020 1.60 2.50 1.70
Total 34.80 36.90 36.20






PRE-FATIGUE, POST-FATIGUE, AND POST-RECOVERY MEAN SCORES OF
BASKETBALL JUMP SHOT MOTOR SKILL TESTS
SUBJECT PRE-FATIGUE POST-FATIGUE POST-RECOVERY
1 1.50 1.60 1.40
2 2.00 1.70 1.80
3 1.90 2.10 1.50
4 1.50 1.70 1.60
5 1.40 1.50 1.20
6 1.60 1.70 1.40
7 1.60 1.30 1.40
8 2.00 2.10 1.50
9 1.80 1.80 2.00
10 1.50 1.30 1.80
11 1.80 1.40 1.90
12 1.80 1.60 2.20
13 2.10 1.50 1.50
14 1.90 1.70 2.00
15 1.70 1.60 1.60
16 1.50 1.20 1.40
17 1.60 1.60 1.80
18 1.30 1.70 1.60
19 1.60 1.60 1.70
20 1.30 1.60 1.30
Total 33.40 32.30 32.60






PRE-FATIGUE, POST-FATIGUE, AND POST-RECOVSIY MEAN SCORES OF
VERTICAL JUMP MOTOR SKILL TESTS
SUBJECT PRE-FATIGUE POST-FATIGUE POST-RECOVERY
1 19.15 15.25 17.55
2 21.80 19.10 20.50
3 16.40 14.65 25.10
4 20.95 20.00 20,30
5 16.35 16.25 16.10
6 22.25 19.90 20.60
7 19.70 19.50 19.558 20.90 19.10 20.05
9 20.95 19.60 21.20
10 23.25 22.55 23.7011 24.90 22.30 23.65
12 17.60 16.55 15.75
13 18.70 17.30 20.40
14 18.40 17.10 18.75
15 18.65 16.85 18.6016 18.90 18.55 19.95
17 21.85 19.95 21.95
18 15.70 13.90 16.30
19 23.00 21.00 20.5020 23.90 22.30 22.60
Total 403.30 371.70 393.10








PRE-FATIGUE, POST-FATIGUE, AND POST-RECOVERY MEAN VELOCITY
SCORES OF TOTAL BODY RESPONSE ACCURACY MOTOR SKILL TESTS
SUBJECT PRE-FATIGUE POST-FATIGUE POST-RECOVERY
1 6.95 6.52 6.842 7.06 6.67 7.13
3 6.74 6.48 6.66
4 6.76 6.65 6.98
5 7.32 7.49 7.406 7.84 7.75 8.39
7 6.69 6.95 7.038 7.27 7.14 7.32
9 7.05 6.96 7.12
10 7.32 7.26 7.4311 7.00 6.87 7.2812 6.38 6.62 6.76
13 6.94 6.61 6.86
14 6.81 6.43 6.98
15 6.75 6.49 6.6716 6.97 6.77 6.81
17 6.95 7.34 7.1018 7.59 7.76 8.02
19 7.32 7.11 7.6420 8.18 7.51 8.31
Total 141.89 139.38 144.73









PRE-FATIGUE, POST-FATIGUE, AND POST-RECOVERY MEAN VELOCITY
SCORES OF TWENTY-YARD SPRINT MOTOR SKILL TESTS
SUBJECT PRE-FATIGUE POST-FATIGUE POST-RECOVERY
1 6.76 6.50 6.74
2 6.81 6.35 6.63
3 6.81 6.40 6.65
4 6.74 6.48 6.60
5 6.73 5.85 6.27
6 7.03 6.90 6.92
7 6.68 6.27 6.698 6.41 6.26 6.36
9 6.49 6.27 6.3710 6.26 6.03 6.20
11 6.63 6.31 6.43
12 6.68 6.43 6.47
13 6.04 5.71 5.89
14 6.55 6.31 6.49
15 6.23 6.03 5.97
16 6.58 6.64 6.67
17 6.46 6.21 6.78
18 6.31 6.06 6.14
19 6.36 6.16 6.17
20 6.50 6.31 6.52
Total 131.06 125.48 128.96
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